PTM (post-translational modification) is the chemical modification of a protein after its translation. The well-studied PTM is phosphorylation, but, recently, PTMs have been re-focused by extensive studies on histone modifications and the discovery of the ubiquitin system. Histone acetylation is the well-established epigenetic regulator for gene expression. Recent studies show that different patterns of PTMs and cross-talk of individual modifications (acetylation, methylation, phosphorylation) are keys of gene regulation (known as the 'histone code'). As well as histone, non-histone proteins are also targets of acetylation. For instance, NF-κB (nuclear factor κB), a transcriptional factor, is regulated dynamically by acetylation/deacetylation. Acetylation of NF-κB [RelA (p65)] at Lys 310 enhances its transcriptional activity, which is inhibited by SIRT1 deacetylase, type III HDAC (histone deacetylase). We also found that acetylated NF-κB preferentially bound to the IL-8 (interleukin 8) gene promoter, but not to GM-CSF (granulocyte/macrophage colony-stimulating factor), suggesting NF-κB acetylation is involved in selective gene induction as well as an increased level of transcription. A receptor of glucocorticoid, a potent anti-inflammatory agent, is also a target of acetylation. The glucocorticoid receptor is highly acetylated after ligand binding but its deacetylation is necessary for gene repression through binding to NF-κB. As well as acetylation, other PTMs, such as nitration, carbonylation and ubiquitination on transcriptional/nuclear factors, are taking part in the inflammatory process. Cross-talk of individual modifications on proteins deserves further evaluation in the future (as 'protein code').
Introduction
PTM (post-translational modification) is the chemical modification of a protein after its translation, and there are hundreds of different PTMs, such as phosphorylation, nitration, ADP-ribosylation, myristoylation, isoprenylation, sumoylation, ubiquitination, lipidation and many others [1] . The most well studied PTM is phosphorylation. Phosphorylation is a part of the common mechanisms for controlling activity and stability of proteins. Recent studies on histone modifications and discovery of the ubiquitin/proteasome system opened the window for the new research area of other PTMs on proteins. Acetylation is one of the wellestablished PTMs. Protein acetylation on the ε-amino group of lysine residues is a less common modification compared with N α -terminal acetylation, but affects protein function, half-life and association with other molecules and, perhaps more important, inflammation [2] .
PTMs on histone
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Abbreviations used: CBP, CREB (cAMP-response-element-binding protein)-binding protein; COPD, chronic obstructive pulmonary disease; GM-CSF, granulocyte/macrophage colonystimulating factor; GR, glucocorticoid receptor; HAT, histone acetyltransferase; HDAC, histone deacetylase; IκBα, inhibitory κBα; IL, interleukin; NF-κB, nuclear factor κB; PTM, posttranslational modification. 1 email k.ito@imperial.ac.uk gene transcription [3] [4] [5] . An enzyme responsible for histone acetylation is HAT (histone acetyltransferase) and almost 30 proteins have been identified as HAT or found to have intrinsic HAT activity. An enzyme responsible for deacetylation of histone is HDAC (histone deacetylase) and now 18 potential deacetylase enzymes, HDAC1 to HDAC11 and SIRT1 to SIRT7, have been identified in humans, although some HDAC isoforms do not have histone deacetylation activity and target any other proteins [6] . We reported that different stimulations gave specific patterns of histone acetylation [7] . For example, IL-1β (interleukin 1β) stimulated the NF-κB (nuclear factor κB) complex acetylated histone H4 at Lys 8 histone H3 Lys 79 by Dot1p. Thus positive and negative cross-talk ultimately generates the complex patterns of gene-or locus-specific histone marks associated with distinct chromatin states. Furthermore, recent data show that chromosomal distribution of individual modifications (acetylation, methylation, phosphorylation) can differ along the cell cycle as well as among and between groups of eukaryotes. This implies the possibility of evolutionary divergence in reading the 'histone code' [9] .
PTMs on NF-κB
NF-κB is the master of transcription for numerous genes involved in inflammatory and immune responses, and cellular proliferation, and is also ubiquitously expressed [10] . There are five known members of the NF-κB/Rel family: p50 (NF-κB1), p52 (NF-κB2), p65 (RelA), c-Rel (the product of the cellular homologue of the avian-reticuloendotheliosisvirus transforming gene) and RelB. The most abundant form of NF-κB is a heterodimer of p50 and p65. The p65 is also a target for PTMs.
Acetylation and deacetylation regulate NF-κB (p65) dynamically in vitro and in vivo (Figure 1) . Chen et al. [11] demonstrated that p300/CBP HAT acetylated the p65 subunit at Lys 218 , Lys 221 and Lys 310 . The acetylation on p65, especially at Lys 221 , impairs assembly with IκBα (inhibitory κBα) as well as enhancing the binding affinity of the NF-κB complex to DNA. In addition, acetylation at Lys 310 in p65 is required for its full transcriptional activity [12] . Conversely, deacetylation of p65 at Lys 221 , possibly by HDAC3, and at Lys 310 by SIRT1 [13] promotes NF-κB-dependent gene transcription. We preliminarily found that acetylated Lys 310 -NF-κB p65 complex preferentially bound to the NF-κB-binding site on the IL-8 promoter region over the GM-CSF (granulocyte/macrophage colony-stimulating factor) promoter region (unpublished work). This suggests that NF-κB acetylation is involved in selective gene induction as well as an increase in gene transcriptional activity. Oxidative stress reduced HDAC activity [14] and enhanced NF-κB acetylation (unpublished work). This might help to understand the selective gene inductions seen in COPD (chronic obstructive pulmonary disease), in which a high level of oxidative stress is seen and HDAC activity is reduced [15] . On the other hand, Kiernan et al. [16] demonstrated that acetylation of Lys 122 and Lys 123 reduces the binding affinity of p65 to DNA, which promotes the p65-IκB interaction, causing nuclear export of the complex and a return to the basal state. Nitration and S-nitrosylation also cause a negative regulation of NF-κB activation [17] [18] [19] .
PTM of GR
Glucocorticoid is a potent anti-inflammatory agent which acts by binding to a cytosolic GR, which upon binding is activated and rapidly translocates to the nucleus [20] . Within the nucleus, GR either induces gene transcription by binding to specific DNA elements (GREs) in the promoter/enhancer regions of responsive genes, such as SLPI (secretory leucocyte proteinase inhibitor) and MKP-1 (mitogen-activated kinase phosphatase-1), or reduces inflammatory gene transcription induced by NF-κB or AP-1 (activator protein 1) by transrepression via direct protein-protein interaction with or without the involvement of co-repressors such as HDAC2. Deletion of HDAC2 by RNA interference showed reduction of corticosteroid-sensitivity in the human lung epithelial cell line and in primary alveolar macrophages [21] . In addition, overexpression of HDAC2 in alveolar macrophages from patients of COPD, who are glucocorticoid-resistant, restored corticosteroid-sensitivity [21] . Collectively, HDAC2 is a prerequisite molecule for glucocorticoid action. In fact, GR is an acetylated protein at amino acids 492-495 (KTKK) within the DNA-binding domain/hinge region of GR, and acetylated GR could not inhibit NF-κB-dependent gene transcription due to less binding to NF-κB. Thus GR hyperacetylation due to a defect of HDAC2 is one of the molecular mechanisms of glucocorticoid-insensitivity. S-nitrosylation by nitrative stress and phosphorylation also negatively regulate GR action [22, 23] . Furthermore, we preliminarily found that nitration at tyrosine residues enhanced ubiquitination of GR, resulting in degradation by proteasomes.
Future direction
Activities of other transcriptional factors such as FOXO (forkhead box O) in the Forkhead family, HIF-1 (hypoxiainducible factor-1), GATA and STAT (signal transducer and activation of transcription) are also regulated by PTMs such as acetylation, phosphorylation and ubiquitination. Abnormality in the PTMs on proteins might be involved in pathogenesis in chronic inflammatory disease. Furthermore, the cross-talks of each PTM on proteins certainly deserve further exploration as the 'protein code'.
